INTRODUCTION
The presence of particulate matter (PM) in ambient air affects air quality. A significant part of PM originates from agriculture. Inside pig stables, feed is one of the major sources of PM . Indoor PM concentrations generated from feed depend on the feed composition, the type of feed, the pelleting process, and the delivery method (Bundy and Hazen, 1975 ). Despite the current major concerns about PM, information on feed-based mitigation strategies to reduce PM is limited to a few studies, all older than a decade. Feeding pellets instead of meal diets has been shown to lower PM production or indoor PM concentrations (Bundy and Hazen, 1975; Li et al., 1993; Guingand, 1999 ABSTRACT: This study evaluated the effect of feed form and grinding intensity of the pig diet and the interaction between both on the particulate matter (PM) concentrations inside a pig nursery and the growth performances of weanling pigs. Four diets were compared: finely ground meal, coarsely ground meal, finely ground pellets, and coarsely ground pellets. Four weaning rounds with 144 pigs per weaning round, divided over 4 identical compartments, were monitored. Within each weaning round, each compartment was randomly assigned to 1 of 4 treatments. A hammer mill with a screen of 1.5 or 6 mm was used to grind the ingredients of the finely ground and coarsely ground feeds, respectively. Indoor concentrations of the following PM fractions were measured: PM that passes through a size-selective inlet with a 50 % efficiency cutoff at 10 (PM10) , 2.5 (PM2.5), or 1 (PM1) μm aerodynamic diameter, respectively (USEPA, 2004) . Feeding pelleted diets instead of meal diets gave rise to higher PM10 (P < 0.001), PM2.5 (P < 0.001), and PM1 (P < 0.001) concentrations. Grinding intensity had an effect only on PM 10 (P < 0.05) concentrations. No interaction between feed form and grinding intensity was found for any of the PM fractions. Interactions (P < 0.05) between feed form and grinding intensity on ADFI and ADG were found. Grinding intensity had an effect only on the meal diets with higher ADFI for the coarsely ground meal. Pigs fed the finely ground meal had a lower (P < 0.001) ADG than the other 3 diets. Feed efficiency was influenced only by the feed form (P < 0.001) and not by the grinding intensity. Pelleting the feed gave rise to a higher G:F. In conclusion, a contradiction between environmental concerns and performance results was found. Feeding pelleted diets to the piglets improved growth performance but also increased indoor PM concentrations.
the study by Bundy and Hazen (1975) , this was true only for floor feeding but not for feeding with selffeeders. Zeitler et al. (1987) found a significant reduction only in PM with a diameter smaller than 5 μm in winter when feeding pellets instead of meal to the pigs. In summer, no differences in indoor PM concentrations could be found when feeding meal or pellets to the pigs (Zeitler et al., 1987) . It is unclear to what extent grinding intensity affects PM concentration. Also, whereas both pelleting and grinding intensity have been shown to affect feed efficiency (Jensen and Becker, 1965; Healy et al., 1994) , to our knowledge, no simultaneous study has been conducted on the influence of particle size and form of the feed on the growth performance of weaned piglets and the PM concentrations inside pig nurseries. Therefore, in the present experiment, a trial was designed to investigate the interaction between particle size and feed form on indoor PM concentrations and performance of pigs.
MATeRIALS AND MeTHODS
All animal-based procedures followed Belgian and European Union legislation (council Directive 86/609/EEC [EEC, 1986] ). No procedures required approval from the local ethics committee.
Housing and Animals
The experiment, conducted at the Institute of Agricultural and Fisheries Research (Instituut voor Landbouw-en Visserijonderzoek, Melle, Belgium), was divided into 4 weaning rounds, beginning on 18 July 2013 and ending on 14 November 2013. A total of 576 weanling pigs (Piétrain boar × RA-SE genetics hybrid sow; Ra-Se genetics holding N.V., Lokeren, Belgium) were used. In each weaning round, 144 pigs were divided over 4 compartments (6 pens of 6 animals per compartment). The pigs were blocked according to sex (2 classes) and BW (3 classes), leading to 1 weight class and sex combination per compartment. The compartment was considered the experimental unit. After evenly distributing the piglets over the compartments, each compartment was assigned to 1 of the 4 treatments: finely ground meal, pelleted finely ground feed, coarsely ground meal, or pelleted coarsely ground feed. This was repeated 4 times, resulting in 4 replicates per treatment. One compartment (6.3 by 3.6 m) consisted of 8 identical pens (2.16 by 0.88 m), 4 on each side, with a central 0.35-m exhaust fan in the wall. Per compartment, 2 pens were left empty. The measuring instruments were placed in one of these empty pens. Each pen had a fully slatted plastic floor, 2 nipple drinkers, and 1 self-feeder (a 4-space feeding trough).
Feed was manually poured into the self-feeders. Feed was added (approximately 25 kg) when the feeders were almost empty.
Diet Composition
The ingredient and nutrient content of the feed were exactly the same in all 4 treatments ( Table 1) . The feed was processed using a hammer mill (Promill Type A36; Promill-Stolz S.A., Serville, France) provided with a 1.5-(feed A and B) or 6-mm (feed C and D) screen depending on treatment. Corn, wheat, barley, full fat soybeans, and soybean meal were ground before mixing. Other ingredients were bought ground or were liquids (Table 1) . Per batch, half of the feed was kept as meal (feed B and D) and the other half was pelleted (feed A and C) using cold pelleting equipment (Promill Type A36; Promill-Stolz S.A., Serville, France; die characteristics: 6.0 mm hole size, 60.0 mm wall thickness, 10 rows, 124 holes per row, 490.0 mm flange diameter, 359.0 mm i.d., 155.0 mm width, and 78.0 mm track width), leading to pellets with 6 mm diameter. The feeds were provided ad libitum.
Feed Characteristics
Chemical Analyzes. To determine nutrient composition, separate feed samples from all 4 diets were ground through a 1-mm screen (Brabender Wiley; Rheotec, Maarkedal, Belgium). Moisture was determined by drying at 103°C (EEC, 1971) . Crude ash was obtained by incineration at 550°C (ISO, 2002) . Crude protein (N × 6.25) was determined according to Kjeldahl (ISO, 2005) . Crude fat was extracted using petroleum ether after hydrolysis with HCl (ISO, 1999) . Crude fiber was obtained using the Ankom Fiber Analyzer (Ankom Technology, Macedon, NY) after boiling first with sulfuric acid and then with sodium hydroxide (EEC, 1992) . Physical Analyzes. The particle size distribution of the feeds was determined by wet sieve analysis according to Millet et al. (2012b) . In short, 50 g of feed was placed in a tumbler and 1,000 mL of water heated to 30°C was added to the feed. The mixture was stirred with a spatula after 30 min. After an additional 30 min, the feed/water suspension was deposited onto the top of a sieve tower (4.75-, 3.35-, 2.36-, 1.18-, 0.60-, and 0.30-mm sieves) , which was placed on a bowl with a downspout, and then washed with 10 L cold, distilled water (water pressure = 1 × 10 5 Pa). Afterward, the sieve tower was dried (65°C) in a ULE 800 ventilated oven (Memmert GmbH & Co KG, Schwabach, Germany) overnight and cooled in a desiccator and each sieve was weighed again. Each feed was measured in duplicate. The particle size distribution of the meal diets was also determined by dry sieve analysis (ASAE, 1994) . For this test, a sample of 300 g was sieved using a set of sieves with apertures of 9. 5, 4.75, 3.35, 2.36, 1.18, 0.60, and 0 .30 mm, respectively, and a pan placed on a AS200 shaker (Retsch, Haan, Germany) for 5 min with an amplitude of 1.80 mm. The analysis was done in triplicate. The hardness of the pelleted feeds is expressed as the force (kg) needed to break a pellet as measured by means of a Kahl Pellet Hardness Tester (Amandus Kahl Nachf., Hamburg, Germany). This was measured on 25 pellets for each pelleted diet and the average of these 25 measurements was considered the hardness value.
Performance
All pigs were individually weighed at the beginning of the trial, after 2 wk, and at the end of the weaning round. Feed consumption per pen was recorded and ADFI was calculated for each weaning round. Average daily gain and G:F were also calculated over the entire weaning round on a pen basis.
Indoor Air Quality
Indoor Parameters. Two Grimm 1.109 spectrometers (Grimm Aerosol Technik GmbH & Co. KG, Ainring, Germany), mounted in weatherproof housing, were used to monitor the indoor PM concentrations. Three different PM fractions were monitored: PM that passes through a size-selective inlet with a 50% efficiency cutoff at 10 (PM10), 2.5 (PM2.5), and 1 (PM1) μm aerodynamic diameter, respectively (USEPA, 2004) . The fractions PM 10 , PM 2.5 , and PM 1 are defined as PM that passes through a size-selective inlet with a 50% efficiency cutoff at 10, 2.5, or 1 μm aerodynamic diameter, respectively (USEPA, 2004) . The same instruments were used to log indoor temperature and relative humidity. Sampling was performed in an empty pen, 0.8 m above the slatted floor. Data were collected at intervals of 1 min. Because the number of Grimm spectrometers was smaller than the number of compartments to be sampled, a rotation scheme was used. Every day the Grimm spectrometers were moved to a different compartment, resulting in approximately one 24-h measurement per pen every 2 d. Ventilation rates were monitored using free running impellers (Fancom, Panningen, the Netherlands) and automatically logged using F-Central FarmManager software (Fancom) at a 5-min interval.
Outdoor Parameters. Outdoor conditions (temperature, relative humidity, and atmospheric pressure) 2 Ingredient was ground before mixing.
3 The premix contained 80% dairy products and 20% vitamin and mineral premix, providing the following quantities of vitamins and minerals per kilogram of diet: 15,000 IU vitamin A, 2,000 IU vitamin D 3 , 100 mg vitamin E, 2 mg vitamin K, 2.5 mg vitamin B 1 , 7.5 mg vitamin B 2 , 20 mg vitamin B 5 , 5 mg vitamin B 6 , 0.04 mg vitamin B 12 , 100 mg vitamin C, 30 mg niacin, 324 mg choline, 3 mg folic acid, 0.15 mg biotin, 516 mg Ca, 419 mg P, 165 mg Mg, 353 mg Na, 1,375 mg Cl, 1,227 mg K, 234 mg S, 100 mg Fe, 160 mg Cu, 60 mg Mn, 100 mg Zn, 2 mg I, and 0.4 mg Se. 4 A mixture of calcium salts of the following organic acids: lactic acid, formic acid, citric acid monohydrate, orthophosphoric acid, and propionic acid (DSM Nutritional Products, Kaiseraugst, Switzerland) 5 A mean value for the 4 diets is shown. The individual DM values were 885 (finely ground meal diet), 881.3 (coarsely ground meal diet), 892.5 (finely ground pelleted diet), and 893 g/kg (coarsely ground pelleted diet).
6 A mean value for the 4 diets is shown.
were monitored using the Vantage Pro2 weather station (Davis Instruments Corp., Davis, CA).
Data Analysis
Raw Data Processing. Raw data were combined into hourly means. Data from periods in which a disturbance of the pigs was observed (e.g., entering of the compartment for purposes of animal management, repositioning of the measuring instrument, or instrument failure) were excluded for further analysis. The compartment was considered the experimental unit, with pen as repeated measure within a compartment for performance results.
Performance. For determining the effect of grinding intensity and feed form on the growth performance, linear mixed models were built using the different performance parameters (BW, ADFI, ADG, and G:F from 4 to 6 wk of age, from 6 to 9 wk of age, and from 4 to 9 wk of age) as dependent variables. Grinding intensity, feed form, sex, and the interaction between particle size and feed form were investigated as independent variables. Compartment and weaning round were included as random effects. Except for BW at 4 wk, models were corrected for the initial BW at 4 wk.
Indoor Air Quality. For indoor air quality measurements, linear mixed models were built using the PM concentrations (PM 10 , PM 2.5 , and PM 1 ) as dependent variables. To achieve normally distributed residuals, PM concentrations were log transformed. Grinding intensity, feed form, their interaction, ventilation rate, and indoor relative humidity were investigated as independent variables. Nonsignificant interactions were removed from the final model. Random effects for compartment and weaning round were included in the model to correct for repeated measurements within a compartment and within a weaning round. Corrections were also made for measuring device for PM 10 and PM 2.5 but not for PM 1 concentrations.
Software. Data analysis was performed using the GLIMMIX procedure in SAS 9.4 (SAS Inst. Inc., Cary, NC). The data was assumed to be normally distributed, based on graphical evaluation (histogram and quantile [Q]-Q plot of the residuals). Statistical significance was considered for P < 0.05 and a trend was considered for 0.05 < P < 0.1.
Additional Lab Tests
To verify and to explain the results obtained inside the nurseries, 2 lab tests were performed: the "drop test" and the "shake test." Drop Test. During the drop test, 300 g of the diet was dropped from 1 m above the floor into a bucket using a device of our own design (Fig. 1) . This was repeated 4 times (4 trials) for each diet in a Latin square design. A Grimm 1.109 spectrometer, with a 6-s time interval, was placed directly beside the bucket to record PM 10 , PM 2.5 , and PM 1 concentrations during 3 min.
Shake Test. During the shake test, 100 g of each diet was shaken for 20 min at 300 motions per minute using a mechanical shaker (Universal Shaker SM-30; Edmund Bühler GmbH, Tübingen, Germany). Particulate matter measurements were performed with a 6-s time interval at 0.2 m above the mechanical shaker with a Grimm 1.109 spectrometer (Fig. 2) . The shake test was repeated 4 times (4 trials) for each diet in a Latin square design.
Data Analysis. For both laboratory tests, data analysis was performed using the GLIMMIX procedure in SAS 9.4. The trial was considered the experi- mental unit, with measurements every 6 s as repeated measure within a trial. For determining the effect of grinding intensity and feed form on the PM concentrations from the drop and shake tests, a linear mixed model was built using the PM concentrations (PM 10 , PM 2.5 , and PM 1 ) as dependent variables. To achieve normally distributed residuals, PM concentrations were log transformed for the drop test; PM concentrations for the shake test were already normally distributed. Grinding intensity, feed form, and the interaction between both were investigated as independent variables. For the drop test, time after the drop was also added to the model. Residuals were assumed to be normally distributed, based on graphical evaluation (histogram and Q-Q plot of the residuals). Statistical significance was considered for P < 0.05.
ReSULTS

Feed Characteristics
Within diets with the same grinding intensity, particle size distribution was similar, despite a larger proportion of particles in the <0.30 mm fraction in the pelleted diets (Table 2 ). The particle size of finely ground diets was lower than the particle size of the coarsely ground diets (Tables 2 and 3 ). The pelleted diets did not have particles in fractions larger than 3.35 (coarsely ground) or 2.36 mm (finely ground). Pelleted diets had a lower mean particle size within each grinding intensity compared to meal diets. Hardness values of the pellets were lower in the finely ground pelleted diet (7.93 kg ± 1.53) compared to the coarsely ground pelleted diet (9.54 kg ± 1.48).
Indoor Air Quality
The indoor PM 10 , PM 2.5 , and PM 1 concentrations were higher in the compartments where pellets were fed to the pigs (P < 0.001; Table 4 ). Within feed form, feeding the finely ground feed resulted in higher indoor PM 10 concentrations (P < 0.05). A tendency to a similar effect of grinding intensity was observed for PM 2.5 (P < 0.1) but not for PM 1 concentrations. No interaction between feed form and grinding intensity was found on any PM fraction.
Ventilation rate and indoor relative humidity had an effect (P < 0.001) on all PM fractions. In this study, an increase in ventilation rate of 1 m 3 /h gave rise to increased PM 10 (+0.0047 μg/m 3 ), PM 2.5 (+0.0041 μg/ m 3 ), and PM 1 (+0.0019 μg/m 3 ) concentrations. Indoor relative humidity also had a positive effect on the indoor PM concentrations, with increases of 0.054, 0.056, and 0.036 μg/m 3 for indoor PM 10 , PM 2.5 , and PM 1 concentrations, respectively, associated with an increase of 1% in indoor relative humidity.
Performance
Dropout. In total, 5 pigs (3 on the coarsely ground meal diet, 1 on the finely ground meal diet, and 1 on the finely ground pelleted diet) died over the course of the experiment. One pig that received the finely ground pelleted diet was eliminated from the experiment for health reasons.
Average Daily Feed Intake. Between 4 and 6 wk of age, the pigs consumed more of the coarsely ground feed (P < 0.001). In this period, we observed a tendency for higher feed intake on the meal versus pelleted diet (P < 0.1) without an interaction between grinding intensity and form (Table 5) . However, between 6 and 9 wk of age (P < 0.05) and over the entire experiment (P < 0.05), grinding intensity and form did interact on ADFI. On the pellets, grinding intensity did not significantly affect ADFI. On the meal diet, however, the piglets consumed more (P < 0.05) of the coarsely ground meal than the finely ground meal. Both groups consumed more feed than the groups receiving pellets.
Average Daily Gain. An interaction between grinding intensity and feed form on ADG was found for the 2 periods (P < 0.05 between 4 and 6 wk of age and P < 0.05 between 6 and 9 wk of age) and for the whole experiment (P < 0.001). For the periods 4 to 6 and 4 to 9 wk of age, pigs fed on finely ground meal had lower ADG (P < 0.05) than pigs of the other 3 groups. However, for the period 6 to 9 wk of age, it was not possible to further differentiate between groups using Tukey's post hoc test.
Body Weight. An interaction between grinding intensity and form on BW at 6 (P < 0.05) and 9 (P < 0.001) wk of age was found. Pigs that received the finely ground meal had lower BW (P < 0.05) than pigs of the other 3 groups at both time points.
Gain-to-Feed Ratio. Between 4 and 6 wk of age, an interaction (P < 0.001) between grinding intensity and feed form on G:F was found. Pigs receiving finely ground meal had a lower G:F (P < 0.05) than pigs receiving coarsely ground meal, which was, in turn, lower (P < 0.05) than pigs receiving pellets, with no differences in the 2 particle sizes when fed as pelleted diets. For the periods between 6 and 9 wk and over the entire experiment, an interaction between grinding intensity and form was not observed. Pigs fed meal had lower (P < 0.001) G:F than pigs fed pelleted feeds. Across the entire experiment, grinding intensity did not significantly affect G:F.
Sex. Sex did not significantly affect the measured parameters, except for the daily gain between 6 and 9 wk of age (P < 0.05, data not shown). Male pigs had a higher daily gain during that period than female pigs.
Laboratory Tests Drop
Test. An interaction (P < 0.05 for PM 10 , P < 0.05 for PM 2.5 , and P < 0.05 for PM 1 ) between grinding intensity and feed form on PM concentrations was found (Table 6 ). The PM 10 concentration differed (P < 0.05) between the 2 meal diets, but for the pelleted diets, no significant differences were found. Finely ground meal diet showed the highest PM 10 concentration in the drop test. According to Tukey's post hoc test, no differences were found between the coarsely ground meal diet and the finely ground pelleted. Coarsely ground pelleted diet had the lowest PM 10 concentration in the drop test. A difference in PM 2.5 concentrations was found only between the finely ground meal and the coarsely ground meal (P < 0.05); the pellets gave intermediate values. For PM 1 concentrations, although an interaction (P < 0.05) between grinding intensity and feed form was found, it was not possible to further differentiate between diets.
Shake Test. An interaction (P < 0.05) between grinding intensity and feed form was observed in the shake test for PM 10 concentrations (Table 6 ). Shaking the pelleted diets gave rise to higher PM 10 concentrations than shaking the meal diets, with highest PM 10 concentrations for the finely ground pelleted diets. No differences in PM 10 concentrations between the 2 meal diets was found. For PM 2.5 concentrations, only the grinding intensity had an effect (P < 0.05), with coarsely ground diets giving rise to higher PM 2.5 concentrations as compared to the finely ground diets. Shaking the coarsely ground meal resulted in the highest PM 2.5 concentrations. For PM 1 concentrations, neither the grinding intensity nor the feed form nor the interaction of both had a significant effect.
DISCUSSION
The results of the current study indicate that both the physical form and grinding intensity of the feed 4.9 (3.8 to 6.1) 6.3 (5.1 to 7.4) 5.7 (4.6 to 6.9) 6.5 (5.4 to 7.7) 0.063 0.331 0.635 a-c Within a column, values without a common superscript differ (P < 0.05) according to Tukey's post hoc test.
1 During the drop test, 300 g of the diet was dropped from 1 m above the floor into a bucket using a device of our own design. This was repeated 4 times (4 trials) for each diet in a Latin square design. A Grimm 1.109 spectrometer (Grimm Aerosol Technik GmbH & Co. KG, Ainring, Germany) was used to record PM 10 , PM 2.5 , and PM 1 concentrations during 3 min.
2 During the shake test, 100 g of the diet was shaken for 20 min at 300 motions per minute using a mechanical shaker. The shake test was repeated 4 times (4 trials) for each diet in a Latin square design. A Grimm 1.109 spectrometer was used to record PM 10 , PM 2.5 , and PM 1 concentrations.
3 Back-transformed Least Squares Means are given with back-transformed 95% confidence interval (in parentheses).
largely affect the growth characteristics of weaning pigs as well as the indoor PM concentrations. Indoor Air Quality. This direct link between PM and feed was also found by other authors for finishing pigs and weaned piglets (Aarnink et al., 1999) . Surprisingly, however, pelleted diets gave rise to higher PM concentrations as compared to meal diets (more pronounced for PM 10 and PM 2.5 than for PM 1 ). The effect of the grinding intensity seemed smaller, but nevertheless, finely grinding the diet led to larger PM concentrations. It must be noted that ingredients that were already very fine or in a liquid form were not ground before mixing. This may be one explanation for the smaller effect of grinding intensity on the indoor PM concentrations. Furthermore, the hardness of the coarsely ground pelleted diets was higher than the hardness of the finely ground pelleted diets. To our knowledge, no other studies have reported an increase in PM concentrations when feeding pellets to pigs. A possible explanation is that pelleting, which is considered to be a secondary grinding step (Grosse Liesner et al., 2009 ), leads to smaller particles. This has been shown by Wolf et al. (2010) and is in line with the slightly higher amount of fine particles in the pelleted diets as determined with the wet sieve analysis, which can eventually lead to a smaller mean particle size. Similarly, Bundy and Hazen (1975) attributed the lack of difference between pellets and meal in PM concentrations to the degradation of the pellets, which become a fine powder in the bottom of the self-feeders. Nevertheless, the fractions determined by the sieve analysis (with the smallest sieve at 300 μm) or the "visible fines" are far larger than PM fractions. Therefore, the results of the wet sieve analysis could be a better indicator for the breakdown of the diets in the animal rather than as an indicator for the production of PM. So there might be no direct link between the results from the sieve analysis and the observed indoor PM concentrations. In an attempt to retrieve a better indicator of the production of PM and to find further possible explanations for the observed differences in PM concentrations, some additional laboratory tests on the experimental feeds were performed. Tests similar to the drop test have been previously used (Gast and Bundy, 1986; Heber and Martin, 1988) . Dropping the feed into a bucket gave rise to higher PM 10 concentrations for the meal diets compared to the pelleted ones. This is the opposite of what was found in our pig stable experiments. However, during these experiments, data recorded during the dropping of the feeds into the self-feeders were not included in our data set. For PM 2.5 and PM 1 concentrations, small or no differences between the different diets were found. In an attempt to simulate the frictions between the different particles in the feed that can occur when the piglets were eating, a shake test was performed. The results of this test indicated that shaking the feeds led to higher PM 10 concentrations for the pelleted diets, with highest PM 10 concentrations coming from the finely ground pelleted diet. Again, for PM 2.5 and PM 1 concentrations, small or no differences were found. These results were in line with the observations in the pig compartments. Whereas the drop test, which involved 1 single action, might be a good measure of the superficial ("loose") PM, the shake test caused frictions in the sample and might indicate PM production as a result of agitation, possibly similar to frictions caused when pigs were eating. The shake test could also be considered as an indicator for the pellet durability. Optimizing the laboratory tests (e.g., different drop height, different motions per minute, different placement of the Grimm spectrometer) might clarify the obtained results even further. The effect of both ventilation rate and indoor relative humidity on PM concentrations was very small (but significant) and seemed negligible compared to the observed differences in indoor PM concentrations.
Average Daily Feed Intake. In the current study, pigs fed meal diets had higher ADFI than pigs fed pelleted diets. However, an interaction between the physical form and grinding intensity was found: grinding intensity had an effect only on the meal diets with higher ADFI for the coarsely ground meal. Other researchers also found that reducing the grinding intensity reduced the ADFI in weaning pigs (Healy et al., 1994; Mavromichalis et al., 2000) . The same was found for finishing pigs (Wondra et al., 1995a) . O'Doherty et al. (2001) also found decreased ADFI with pelleted feed. According to the authors, this can be a consequence of the increased energy value of the diets after pelleting, as feed intake is correlated with the energy value of the diets (Henry, 1985) . Furthermore, before entering the trial, all piglets received creep feed, a meal diet, in the farrowing unit. The change from one form of diet to another can lead to lower feed intakes. This was already proven for turkeys when changing from crumbs to pellets (Lecuelle et al., 2010) . Although care was taken to limit spillage and no significant feed losses were observed during the course of the experiments, it cannot be excluded that part of the higher ADFI for meal diets versus pelleted diets was caused by greater spillage of the feed due to feed sticking to the mouth of the pig or being thrown out of the trough during rooting (O'Doherty et al., 2001 ). This would also explain the lower feed efficiency found for pigs receiving meal.
Average Daily Growth. For ADG, an interaction was also found between the form and grinding intensity. Finely ground meal had a lower ADG than the other 3 diets. No differences could be detected between pelleted feeds and coarsely ground meal. In other studies, some authors found a positive effect of pelleting on ADG (Wondra et al., 1995a,b) , whereas others did not observe an improvement (Vande Ginste and De Schrijver, 1998) . Wondra et al. (1995a) found no significant effect of reducing particle size on ADG, whereas Mavromichalis et al. (2000) found an increase in ADG when increasing the grinding intensity of the diets from 1.3 mm to 0.6 μm but no increase was found when particle size was reduced to 0.4 mm. To the contrary, in the current study, finely grinding the diet caused slower gain, probably because of reduced feed intake. However, the coarsely ground diet had a mean particle size that was already comparable to the finely ground diet in the study of Mavromichalis et al. (2000) .
Gain-to-Feed Ratio. The physical form of the feed had a clear impact on the feed efficiency. In line with other research (Wondra et al., 1995a; Vande Ginste and De Schrijver, 1998; O'Doherty et al., 2001) , pelleting the feed gave rise to higher G:F. The pelleting process makes the nutrients in the feeds more accessible to digestive enzymes and can potentially improve the nutritional quality process (Wondra et al., 1995a; Vande Ginste and De Schrijver, 1998) . Also, as mentioned before, reduced feed losses may be an explanation (O'Doherty et al., 2001) . One would expect that reducing the particle size gives rise to an increased surface area, which makes the nutrients more accessible to digestive enzymes (Wondra et al., 1995a; Mavromichalis et al., 2000) . Decreased particle size has been linked to an increased ileal digestibility of proteins and AA (Lahaye et al., 2004) . This is in line with the finding of Healy et al. (1994) and Wondra et al. (1995a) , who observed better feed efficiency in finely ground diets. Similarly, Mavromichalis et al. (2000) found increased G:F when decreasing feed particle size from 1.3 to 0.6 mm but a decrease in G:F when further decreasing the particle size to 0.4 mm. Chae et al. (2000) found no effect of reductions in particle size on ileal digestibility of AA. In the current study, finely grinding the meal diet led to a lower feed efficiency during the first 2 wk of the trial. It seems logical to assume that this is a result of lower feed intake and daily gain, which indicates that a relatively high amount of the feed was used to cover maintenance energy requirements.
Animal Health. The present results show a contradiction between environmental concerns and performance results: whereas performance was best on the pelleted diets, they gave rise to a higher amount of PM in the barn. Besides, intestinal health was not taken into account. It is known that finely grinding the feed increases the risk of developing gastric ulcers (Wondra et al., 1995a; Grosse Liesner et al., 2009; Millet et al., 2012b) . Furthermore, because pelleting the diets gives rise to a reduction in particle size (Wolf et al., 2010) , pelleting can also increase the development of gastric ulcers and is considered equivalent to a secondary grinding process. Indeed, feed processing affected ulcer scores in slaughtering pigs (Millet et al., 2012a) .
Human Health. As with performance results and the risk on gastric ulceration, it seems plausible that the amount of PM depends on the intensity and the type of feed processing (e.g., using steam pelleting, expanding, or extrusion processes) or the ingredient composition. Besides the health of the animals, the health of the farmer is another important parameter not taken into account in the current study. Upscaling in pig production has created full-time occupations in which workers are more frequently and extensively exposed to PM (Pedersen et al., 2000) . Several studies have reported a relationship between exposures to PM in livestock buildings and respiratory symptoms in farm workers (Donham et al., 1995; Reynolds et al., 1996; Radon et al., 2001) . Furthermore, emissions of high PM concentrations can influence the local air quality and can cause health problems for the nearby inhabitants (Pope et al., 2002) . Therefore, further research will be necessary before guidelines can be recommended for optimizing feed structure that also account for performance, indoor air quality, health of the animals, and the health of the farmers and nearby inhabitants.
Conclusion
Whereas pelleting improved performance results, it also gave rise to higher indoor PM concentrations. The effect of grinding intensity on PM concentration was less pronounced but still visible. Moreover, finely grinding the meal diet negatively affected performance results.
